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(57) Abstract 

PROBLEM TO BE SOLVED: To suppress occurrence 
of instable combustion or knocking in a low load 
operation area, at the changeover lime between 
spark ignition combustion operation and 
compressed self-ignition combustion operation. 

SOLUTION: A uniform spark ignition combustion 
operation state under extremely low load is changed 
over with a uniform compressed self-ignition 
combustion state under appropriately low load, and 
vise versa. A closed timing is provided at the 
changeover time, where both an intake and an 
exhaust valves are closed near a compression top 
dead center by means of a variable opening/ closing 
time means. The compressed self-ignition 
combustion is started after performing the spark 
ignition combustion under a stratified charge state 
in which fuel injection is performed during 
compression stroke. In the compressed setf-ignrtion 



combustion, fuel injection is first performed during 
the closed timing. 
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Wz-*ftomz. xit&xmMteE.tfafrm'pizMftmm 
&ftofcmmm<vxm&xBM$:ft-Drc.mz. mssgE 
mxmmz mt&T z> z. t. t-t seess i E**5t# 
y u >raw. 

[it 2 ] mas g E.mxmmm e 

3 ] m^rt fcj&^f*&tt*rr %ffi ft*** 

a<Et:*8«6«0#**ff5IRK. ffittgE*jk*R*Sl5K: 
*H 3 IE«©ffi«BE**5fc*f V 'J >^H8. 

xfe&xmmffi <=> jes§ g atik« c« d # a * b k , 
ime«nnpQ>t> »c«*MMt£fr 5 mas g s*5kiw»*ff 

[IS*JB 6 ] ffiHS g S#jk*8«l* e. fc«J 
D#A^B(c. me«BHMIII't)|=»|sHllt«fT3ffiMrg 

<fr*»*« 5 fcJ2*©JEEtt&E**5ttf V 'J 

7 ] mi&mmzm&mn&mm-r z> m^mm 
xit&xmmtEEmttmxmm£.%:mm0k 
# ic <t o ifcWfcHaj o #a s/Bfit g ^mxtt y 'J >G8K 



lcM^'SW^fi : p^eticfficD^gB#^^^ff o z. 
[»*3i8] IE^gE*iAc^Sg^6/EiBSgE*iA: 

tt/ESSff m * tcWFUM *ff 3 fiimwm<D&.m g e** 

E**5S#V U >flM. 

*ft£*^£ffiligE**M^<fc£»E*ft 

izMmmto&fToE.%sttmxm&&ft^rzmz. xit 
&'xm&&m\ xit&xmmz * -rmmnm * k:«** 

-r«!»*3a 9 8B«©JEttaE»^* V 'J >*8H. 
[Iff 1 1 ] me^^jttjktttt^ 6 EM g E*^ 

5, 7, 9©V^m^l«{CfBtt©/IffigE*^**V 

u >«n. 

mum 1 2 1 me^^xnijkJKtt^ ^mse g st« 

0 £E»±5EjAW 3 0 • #ifi-Cjft^c^7 ^ 

fc»cmLTffiiSgE#^*{Sjib. £EffiiE*j*c«K«Hc!> 

mm<D— %Mz<D&-&mz&mmffl 

1 4 ] me*%A*iBjtta> e.ffaggE#^M 

»*tr«B»*S 1 3 (CfB*©ffi^gE*^*"y u > 

an. 

1 5 ] aumxtt.&xMi&fr 6ff « g s»^c« 
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MiS : £M'>iS-&Z>C£$:'ftWl£-tZ>imm5, 9, 1 
1, 12, 13, 1 4(D^-Ttlfr l^tCfB«©mffiSE 

itmm 1 6 ] mz'XK&'xmMfr E.mxm 

[0 0 0 1] 

xit&xmmt&i® n ^mxmm t^mmizwom^ 

[0 0 0 2] 

fimi&znzfzibmMmmtimK . m-^cox^xmrn 
izit^xizmittf u - >uvimT~ t>$^ u tammzmm 

[0003] igsia^, iSft^M«ex-aa^»^ 

tiXWM&'frtm. {g.*Mffim%i.-e\,3.X1£&X 

mm^&m&E.mxmm\zBMmm$:W<)m7LZ>z\ti 

ffi*fi??m©^^fm*faJt» NOx©{£jSffc©iaa3i£ 
[0 0 0 4] L^L^^6, ffiSSge«^^"Ifig<h 

^^>j;f)^?i^cDfis. fetj&mf&Tztcsbiz. mm 
©^-xffi*m£-ktf5*£rT-i;i, *ft;&*M§£3Hcy 

xQmm*&T2i±%fi\*xmm<DmMitzfto £. it 
& -h ©tT«« <=> n& ^ <h v ^5 nun c & . 

[0 0 0 5] ^T«|i§©^-Xffi*gtt£i£iftt;:Jbtf-r 

0-2 5 2 5 1 2*|»«) . 
[0.00 6] UA»Lft*«&a*ttlRtt-r^TOj»B«* 

[0007] sfc, mmftvfflmmmxw) y hm& 



({*JAtf, 9-203307 «, 

[0008] co««sc^raE»#««c«t:nti. fSEin 

[0 0 0 9] 

um\zjz<oj£m^mxmm^%±^i±^m^\zit, m. 

e E G R»£0r JtfiJilHl S "ttJESS S 5**ttft€flfc«£ 

[0 0 10] U9»Lft«S6. f^®mftA?r£tb#ttMI 

^J0#^.fflrtC^J6gBEGRS$rliJni$-&fc*-&{XH^ 
It. 

[0 0 11] R#fcSEEGR*©ittlmtf*«ftfc»£K: 

[0012] a»tcffiisga#5k«s«6^5^jSj»c 
ififlx^-r z t. v» 5 najAu«« o fc. 

[0 0 13] SMtc^^j^jUMMMoy y*>y*Rrih 

« 0 *7llWr©JEttaB*J»dll8*i6*^F^£»c«:* <t lr» 3 W 

[0 0 14] WaEBUHXaKIJO^.T. ^j£^cittltEd: 
ESS i S«i>c^^ilte«>« D #xT'tt«»cDSfe*# t' 

[0 0 15] tot, jlc^j«dKM9C»&EltSB« 

e e«fj»c*8tt^ 6^jS^*8«^©« D »A CSS LT 

tfUm^t % £ V» 5 IBMHjSiJ&*» o Ac. 
[0 0 16] S5a!Ufcct3iC^^^ilfet 

[0 0 17] *«WI4*»^5ra«^K«*fcfe©T. * 
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&fmmm.mmzt3\,>T. 'xm&'xmmmm 
& z mm a ^M'xmmmfc^ov) v wnm $> 3 ^ 
g B**$^sitefr ^ xit&xmmm&^w d #x.p* 

[ooi8] sfcaMewa. is&mwri, 

[0 0 19] 

[RHSr«Pftf*fc»©#a3 §#^31 1 IBite©fg33«. 

*fv U >aufeic«frvr. **^*jR«aEa>&jEiseB 

[0 0 2 0] HfeRg^lEttOSHHtt. ±KRJ@£fi¥&-r 

-5fc46tc. w*siE*ojEE«as*i»c!a:^fyu>«H 
[0021] i»*«3ie*£<D^H^tt, ±taas€r«?^-r 

±D»ttK«0#A.*ffittBB***#vy >«HK$3 

[0 0 2 2] W*«4fB«60MWtt, ±GMft^-r 
Sfc&fC, »*«3iE*©ffiJggB«*S#VU>&W 

ff a + t*»*jW*fT o &mviM<Di±.m g e#*«**& * 

ffo fc*fc*:JEj&Wt**fT 5ii tTS. 
[0 0 2 3] Mr#£5£tt<Z)%9Iti:. ±GM«4Fft-r 

xte&xmmtizi&ttmxmMtzmfc&mzj: 

D»«fc«0#;i*JE»fcgB**5«fV 'J >^MK*5V> 



[0 0 2 4] tt&gt 6 18*089112, ±l5SIS&«?ft-r 
[0 0 2 5] Ht$£7flBlt<Z)?B91l2. ±EWH*»«fc-r 

[0 0 2 6] R$18Gt09inil _hfBigJg£#F&-r 
^>rc«6tC. »3&JB 7 CBB«G)JE»eB»J»cSC^f V U >a 

wtci5^T, mm^mxmmmm^&m^mxm 
mmteizmi&WQmz.&ft5mz. mmsmrnxmrn* 

[0 0 2 7] If 9 fB®©^BJ(i, ±E««BSD¥ft-r 

xK&xmmhfzm&^mxmMiz&m&gimz*. 
Qmtftizwvwz-z>&.ffi&E.m'XjS.jJvv>mmzi$\,* 

fc. «3EHHI«J«W*#Sk:«tt)JEEIB±5Ej«ftitt-C!R# 

E»***fc£HM&u jEttSE»*ttttt3. s-rsfrtB^ 

[0 0 2 8] »*311 0IEtt©5fiWtt. -HElMteJfflfe 
-f&Zi&tC. tt#B9e*©EEttBB**5S#vy>* 

EEttSB»jWIIRtttt. «HB«BJ»IB!f tc« 

««s*ff^», xm&xmMte&TfcffiftmtpizmnmM 
&ftoi&mftm<DXte&xMm&ftoz.tizmwii? 

So 

[0 0 2 9] lfB«©fgHJltt, ±IB^iSS:«* 

TZfzSbiZ. ffi&mi, 3. 5, 7, 9<ZHvma>lJB 
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[0030] m&mi 2im.<D%mte. ±.mmm*mvk 
m^womz.mi. be*±?ejSiwi 3 o • tt&v&jfc??? 

[0 0 3 1] W*^ 1 3IE*©5SW4, _hfEgg)S£S?tfe 

ttie*^c*8tt^©«I0S?LKHC, »©-S&t;:©^£ 
«Ha*BBJWIH+Ki!«S#r * t t IC. »f©2SSB£*tM 

[0 0 3 2] «f*3Bl 4E*CD5BWtt. -fcfBS&B**?** 
TZtztblz. ffi&mi 3KEtt©fftteB»jfciW/yu 

[0 0 3 3] WjfcqU 5IH*©3S9!tt. ±flBM£fRfe 
T-5fc*tC. tt*^5, 9, 11, 12, 13, 14(0 

*XJ«e. ifflE&SlWH©S££^^D#Allf©flf? 

[0 0 3 4] Nf&£l 6K*©3S91tt» JiESIjg£fl¥ft 
E*©J£«BeE**5S#y 'J >MN£*frvr. flJfBikTE 
*» 0 #A Srff 5 &'>tt < <b *> 2 -D&>±(D if)V— 7\Z 

[0 0 3 5] 

ff5jsjE»«»©^j«iWI8«lSrff5. CtlKJcoT, ik 

j£f}&&<Tz>z\ttfT~%z>tctb, jzm&^mxmMm 

[0 0 3 6] fflf*H2HE«©**M»C«tntf, ffifiSSE 



<DXteM.'xmfr£ff-z>tcm&izttVT. xK&xw&m 
<Dmmm<?>mm&ti9MTz>z\i:i)*v&. xftM.xm%m 

©y-y*>^©S£££Klfcf -5 ^-©Sg 
[0 0 3 7] «f*B3IE*0*56WK«J:ntf. 

■*©*§*. a««n=«jD#A^<ojKtt^«* 
[0 0 3 8] w**4iE«©*»?iK:in«. Else 

f*«»HK* S*:fo&W!R«SaE^©l&W£:« 0 #tL 
tfrSIRfc. EESieB*jk^ttffi^fi : S4'tc^Rt#t 

«tt«D#A»©*fo6^*©«tt*l#*£ 
[0 0 3 9] »*«5IB»©**M»r«J:ntf, XfefiLX 

CTmM^mmznfcmmmm&ts-tz&oiz. 
»#©pflHji*»i*fB5u mmmmmrawzmnzmm 

T Z> z\ <h \Z «t 0 X1Z&XWMM1tofr <~> S B*jAc«K* 

j»^56* K:« 0 * A S i t *»T * * t v » -5 * * . 
[0 0 4 0] lf*^6BB«©*^0J{rJ;n«. ffi§5 

^SL» «raE«H!»Biaif K«B»*«lfr*Ct»r«tOffi 

siii^ts. -ton*. mm\zwv)m%Mv> ; v 

*>sf&WM-?2> Z. t*iT"^. a<EttOltfl;*'l»Jl:"r* 
[0 0 4 1] B»*«7BB«©*36M»c«tn«. jfcffijAUk 
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*5g8 2 0 0 1 -1 5 2 9 1 9 



ttjissff m * \zmm<%m *n o fomtmoxm s b** 
mm&fto. ^mcioT. x^xmm^mm^ 
mxmm^cDW o ^^©ns^m^ z& < t z ^ t&x- 

[0 0 4 2] »#*8Ett©*3S9Jfc<fcn«. EffilS 

«fr9j^«UB«!>EEttge*^cjntt«ff^. xm&xm 
*>^*«mrr*ct38«T*, aettcjiMtsBSitrs 

*7L£*j^P#©/y*>^©f§££lfc±-r 

j: t #t? * * £ v » 5 a . 

[0 0 4 3] l«*^9fei£»*:^HJfcJ;n«, 

*a± jE^tftia-p »a#xt«* k a t & * *h 

* *IW S H <h «t 0 jMWdftift* 6 ffiSS g B»*« 
[0 0 44] SfjfcS 1 0 SB*©****: «fc*l«. ffiBSS 



[0045] m&mi nE«©*«w»:«tntf, 
iAc^^em^gH»^^©«jDSAttwr©^^ 

Stttt©j&**"f 5 >^tCM LTjg£ 5 (C Lfc 
©T% jKMR09B£l»M«a&«. iaHE©»n§E*R#;* 

[0 046] 1 2 fE«©*fg93t3 ifttf, 

9#*»©ffi*BB3|fcW!BtelM&l$fc:. M^7^J;0 

<t o s ns. m g c * -a-* 

[0 04 7] ffifgBH 1 3f2«©*^KfC,J;n«, ^ctEjfi 

[0 04 8] m#m i 4ia*©*^Bj!(c < tn«, 
xmmfriz>EEi&ttm'XMm^.<DV}QW7Lmiz. mmm 
ffl*\zmsi?2>Mnm&. mftoE.msumx.mimiz 
ztLmm.?z>&oizi,rz<DT\ jKttajt&ttfcUTsn 

[0049] 5ie«g©*^Bjtcj;n«, 

-ttu 9f^©*^^^.fc£c^*^ft^©itjjnfc 

ft?tB#©eSS5feM^r B 1S5i«'r«.<hi:fe(c, i!5ft#Bt(r 

[0050] m&m i 6 E*«D*5swKJ:ntf, i*c^j$ 
xmm^s£mttm'xm&^.<D®K)Wz.miz. wmw 

QWTL&nofa.ffi&'PfcK ii*>2~3&>±.<Dif)V—-?\Zft 
[0 0 5 1] 

McD»ttic-3V)TKm-«. BIB. *5gB^»c^a/I^ 

setMv u >w«seiH©^ 1 ©nifi©^ffi©«i^S: 

[0 0 5 2] **H»»=*V»T»4, iie^frtCJ^UT 
Ml, M 2 . t'X h > 1 3 . i&m. 
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1 9 £{i*.T<^-5. 

[0053] c©x>^>*^ 1 0 ^mm-r^m^mm 
mm. (£tf> EcuiBS-r) i«, mm&mzfccxiE 

&<km&wim(Dmmn 7 ^ ^fwarr 

[0 0 54] ECU K2Htj5£M3i5T&-5, WM^? 
[0 0 5 5] SfcECUlll i/7>^ftt>-tfl6AS 

««■ 1 7 . &xy? if 1 8 izm^zmz. 
[0056] sfc©^,*- mi cojioittctt, Qmmm 

m © x t y n * - t x y 9 u - ± «t e s a> <=> & s ® a 

[0 0 5 7] COi^fttt^CDfet, **JgJ^ffi-CttS 
[0 0 5 8] ^tr; ft 1 <Z)*iS»IB©iMPK^t»TKW 

t&S^j&JfcAFLj&t'J — >ra#<h&5,, 
[0 0 5 9] ^8*J±£'J y?CL-T^< <t. / -y 

5fcj£*IB#£*Slfc AFLty y+> ?m.R&M}£ A F R 
i:T?BSn*^«lt«l*jS«ie*^*6«i6)«fl:«H4:!te 

[0 0 6 0] CWJ^tC, g5*^cttiS^»nfc^ltSg 



[0 0 6 1] 0 3 X\±mMrt7 *—5> £ l,TQMtt\Z*i 

J£> i&(&JEEK^V»T t>JE*««fiTr* <fc**fe£j£ft#jB 
[0 0 6 2] H4B, JBlHJfi»»fc*Jt*i>c?EX5CJ»cj!!8 

ttTCA* e e ^M'xmmmwfim 0 Sfe-s Attic? 

xi£&xmm& zMzxit&xmmfrZEEm e ernxm 
[0063] &mmi*i&fkffim-eMmwm&WQWt>z> 

XU7h«SA^<lW. C©fc»«Sl*3EE 
< r <t K^a. c ©&«>«flS»!B*«m« 

b , HUM! b «fc p K*R«l*«^Fft)£ & -5 wrtg14 *t» . 
[0 0 6 4] 06 Kttfiftffif«K:*V»T^^Ejft^«!S«!l* 

[0 0 6 5] H7 KttffilBaB«Jk«8««fKjsfiJi«8** 
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C0066] m8\zMmvtm&®QWKzm(DmMmm 

(Dizmttm'xmmzffo. fkm^<ttz>mm.m\z 
fc§Lm^m\z. xh^*&m<DXK&'XBM*n 
Mz&m<nxfc&'XWM$:?Ti<\ ^ctr^s^ffissi 

^rnxmrnzm^ mmzi%n<Dj±mttmxMM&ft 

[0 0 6 7] &±WtWLT2fzW<0Wx.fflm<Dffi.n*7 
(SATS 1 1) TX>S?>|i]i|fci5cN, MT^Iiit 

Giztes i 3T?xte&.xmmmfflZffl!&-?z>« let^ 

fflt&Tz. mM^uwAL^m^ntzm^zits i st 

[0068] hi o \zxK£.xBMfr<bi±mttmxm 
mzm.m*w<owz-z>m-gi(DMWya-^>r- 

S 2 2T"Xa-y h^MS^0 6tC^f g^fittClS^^n 
S 2 3T-KSCmi*W£Mtt3. S 2 2T-XD7 HUH 

AvrnfefimTLfziimmtifttzm-Biztes 2 4tjb&§ 

[0 0 6 9] &V>T. S 2 5T'SSXn7 hfVMg.^ 

w.-rz><, S2 ex'xay h)m^m6\z^-rsmm\z 

fetimTLT^te^m&lzltXK&XBMZMrtZfz 
tb. S2 7XXtf.£kX*:'fio» S2 6T"Xn7HHS 

(Dm^^T^tzhnm^nrzm^iz^s 2 sxxitti 

XZ*yLTK.18§&E.mXB.mZffl%ii-tZ<, S2 9tl 
iffltf^'i 8 ©y77i;^mMWf5 
^MlTS. i$ft^f§^T;k^*§1^te. S3 0TE 

5. S 2 9T^®^ft^^iWW$nfc*^-(C«S 

3 1 xwrntf mmmzm\ i^mmm^EE^^rnxm 

[0070] 011 izB.ffittmxMmfr*>xiz&xm 
m\zm i m^mK>mx^>^(Dwmyu-^\- 

T. mQVyn-^ir-hT'MmWQW^tymzritz 
5fllt. S 4 3 D 7 K J^g)it@ 6 IS 

mzm-feztiT^zfrEofrmm-tz. y.uy hjimm. 



ytLXK.mttmXBM&Wmz. S4 3txn 7 h 
[0 0 7 1] ^T, S4 6TSgX0 7 h;HMf 

Mf*. S 4 7-e@6{cs-ra^Mtc^$nT^^^ 

4 8xi£&nmm&*'m\ &mttmxi£&xmm&i& 

s 4 9 X'^nmmm^n^. n 
nftm<DXi£&xmmzfflith?z. 
[0072] WZ. w,2<Dmmoiwmz-o^xmmt 

i i 2 ii*iii:i5EigeiA^^y u >ii 
<Dm 2 <Dmm<DMm<Dmi&&KT^7.5 i -i±ffif$,mx'$> 

m2<?)mM<D&mizwiiv>mM(DmmizttisX. © 

2 OSriiJjnL^m^i^toTV^. oJ^/N*;i/^-1'5> 

ifmmtLxit. ^mw-i 0-2 6 6 8 7 8^- 
[0073] *mmMmv>®iffim.&(Dfflm?-( s. 
^vu>ni8t^tc^/^y (exh) (Dm#mm 

(EVC) ti^A*;^ (INT) (DMfrmm (IV 
O) i^*fc!Xh>±5E^ (TDC) ttfotti-DXffimo 
A>7t-A'7 7 7" (O/L) (C^SSn-g). 

[0074] mmttmzw'oW7i%%k(D&i£<Dmfcm%i 
izmizizifattmxm&mte. x^xm^z^tx 
m^^ymmm (evo> j)mfti>x<&%.nmm<inz 
fflft-rziimz. wwvuymmw (ivo> ^ji^l 
xf&mnmmtpizffl#T2>£.o\zffl'ffl2nx. tfxi-> 

7 7 1 <-o/u vtmnzmfeznz. 
[0075] z\<D^\zs.m^mxm^m\z^^±y, 

o , m&wymmn n*mzxmftt<nx*<Dm& 
x<DM&^m\zwm^z&m<D&MJ3x&Mmmf*iiz 

ffimZitX, ifclM ^;^0DrtBI5EGR^Xi:-r^><. & 
*mStl5. CCT«rSCttrtSREGR^X^e><Z)fftS 
[0 0 7 6] CCT-0/L(ft:*»«»Sff5 4:. 

&fffi&&x<Dffi&ttmxmmifi-*im\zi3.z>. 
[0077] mi 4\z\i.i&fi$im\z-o/-Lm.mz&z> 

;UW^t1SrtJI^^LTV^„ 0 7tcit^TJ;O{gft 
fif*fr iC&tt SffiSS S E*iW(B*fc!&* °T o T lr» -5. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the compressed self-ignition 
type gasoline engine which changes dynamically jump-spark-ignition combustion and compressed self- 
ignition combustion by the service condition. 
[0002] 

[Description of the Prior Art] Since combustion is started by the multipoint of a combustion chamber, 
compressed self-ignition combustion has the quick rate of combustion, and since the combustion by 
which the air- fuel ratio was stabilized also in the Lean condition compared with the usual jump-spark- 
ignition combustion is realizable, and and combustion temperature falls possible [ improvement in 
specific fuel consumption ], it can also reduce NOx in exhaust gas sharply. [ an air-fuel ratio ] 
Moreover, if a fuel and air are fully premixed, an air-fuel ratio will become more uniform, and it is NOx 
further. It can decrease. 

[0003] Moreover, high rotation, high power reservation at the time of a heavy load, and coexistence of 
low rotation, the improvement in specific fuel consumption at the time of the load in low, and reduction- 
izing of NOx can be aimed at by making the usual jump-spark-ignition combustion perform in high 
rotation and a heavy load field, and changing a combustion gestalt from j ump-spark-ignition combustion 
to compressed self-ignition combustion in low rotation and the load field in low. 
[0004] However, in order to attain temperature of gaseous mixture whose compressed self-ignition 
combustion is attained, and a pressure, in the case where an engine's base compression ratio is raised, 
knocking occurs at the time of jump-spark-ignition combustion. If an inhalation air content is reduced or 
lag-ization of ignition timing is performed in order to avoid knocking, the problem that the fall of 
specific power is not avoided will arise. 

[0005] Then, as a method of realizing compressed self-ignition combustion, without raising an engine's 
base compression ratio too much, at both the times of compressed self-ignition combustion, an 
induction-exhaust valve serves as close near exhaust air TDC, and the way internal EGR performs 
inhalation-of-air heating by establishing the sealing period which seals a combustion chamber is 
proposed (for example, JP, 10-2525 12, A). 

[0006] However, the conventional technology is premised on carrying out compressed self-ignition 
operation of all the operating range, and is not mentioned about the dynamic change under engine 
operation with j ump-spark-ignition combustion operation and compressed self-ignition combustion 
operation. 

[0007] Moreover, a cam shaft is equipped with two or more cams from which a profile differs as 
conventional technology which changes the closing motion stage or the amount of lifts of an induction- 
exhaust valve, and the mechanical-cable-type adjustable valve gear which changes the condition of the 
engagement lever of the rocker arm which counters each cam at a hydraulic-drive piston is known (for 
example, JP,9-203307,A). 

[0008] According to this mechanical-cable-type adjustable valve gear, by the time the change to a rocker 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 2/26/2004 



Page 2 of 14 



arm which is different from actuation of a hydraulic control valve was completed, the number cycle 
important point was carried out in the combustion cycle. 

[0009] " .... 
[Problem(s) to be Solved by the Invention] When generating compressed self-ignition combustion with 
inhalation-of-air heating by self-EGR, in the combustion cycle which ranks second to the last spark 
ignition combustion cycle, the increment in the specified quantity of the amount of self-EGR(s) must be 
carried out, and compressed self-ignition combustion must be generated certainly. If compressed self- 
ignition combustion is inadequate in the following combustion cycle, the temperature in a cylinder and a 
pressure will decline and compressed self-ignition will become difficult further. 

[0010] However, by the responsibility of the conventional mechanical-cable-type adjustable valve gear, 
in order for conversion in the amount of self-EGR(s) demanded by compressed self-ignition combustion 
to take a number cycle, when the amount of self-EGR(s) was made to increase beforehand before a 
combustion change, there was a trouble that knocking occurred in jump-spark-ignition combustion. 
[001 1] to a ****** case, compressed self-ignition combustion has the unstable increment in the amount 
of self-EGR(s) on the contrary - becoming - self - since the quantity of heat by EGR decreased, there 
was a trouble that the return of the stable compressed self-ignition combustion was difficult. 
[0012] Moreover, on the occasion of the change to the jump-spark-ignition combustion from 
compressed self-ignition combustion, when there were many amounts of self-EGR(s), the temperature in 
a cylinder became high at reverse, and there was a trouble that knocking occurred at the time of jump- 
spark-ignition combustion. 

[0013] In order to prevent knocking at the time of jump-spark-ignition combustion on the contrary, 
when the amount of self-EGR(s) was reduced beforehand, there was a trouble that the compressed self- 
ignition combustion before a change became unstable. 

[001 4] In addition to said trouble, by the change of jump-spark-ignition combustion operation and 
compressed self-ignition combustion operation, it is carried out by two or more service conditions, and 
inhalation negative pressure may be changed depending on conditions. In this case, since there is 
response delay also in modification of a pressure, a number cycle important point will be carried out to 
that setup. 

[0015] Therefore, on the occasion of the change to compressed self-ignition combustion operation from 
jump-spark-ignition combustion operation, since cylinder internal pressure is low, compressed self- 
ignition combustion becomes unstable. Moreover, on the occasion of the change to the jump-spark- 
ignition combustion from compressed self-ignition combustion, since cylinder internal pressure was 
high, the trouble that knocking occurred at the time of jump-spark-ignition combustion was in reverse. 
[0016] Moreover, since the change of jump-spark-ignition combustion operation and compressed self- 
ignition combustion operation was performed by two or more service conditions as mentioned above, 
when control suitable for each change conditions was not performed, there was a trouble that 
combustion instability and knocking occurred. 

[0017] This invention is what took the example by this trouble, and the purpose is in offering the 
compressed self-ignition type gasoline engine which can do the stable change in a low load operating 
range, controlling generating of combustion instability or knocking at the time of the change to 
compressed self-ignition combustion operation from jump-spark-ignition combustion operation, or the 
change to jump-spark-ignition combustion operation from compressed self-ignition combustion 
operation. 

[0018] Moreover, this invention is to offer the compressed self-ignition type gasoline engine which can 
do the change to the stable compressed self-ignition combustion, inhibiting generating of knocking, 
when the mechanical-cable-type adjustable valve gear whose responsibility is not necessarily high is 
used. 
[0019] 

[Means for Solving the Problem] In order that invention according to claim 1 may solve the above- 
mentioned technical problem, a combustion chamber equips with the injection valve in a cylinder which 
injects a direct fuel, and in case a combustion change is carried out to compressed-self-ignition 
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combustion operation from jump-spark-ignition combustion operation in a compressed-self-ignition type 
gasoline engine which changes dynamically jump-spark-ignition combustion and compressed-self- 
ignition combustion by service condition, after carrying out jump-spark-ignition combustion of a 
stratification condition that jump-spark-ignition combustion performs fuel injection into a compression 
stroke, it carries out starting compressed-self-ignition combustion as a summary. 
[0020] In order that invention according to claim 2 may solve the above-mentioned technical problem, 
in case a combustion change is carried out to jump-spark-ignition combustion operation from 
compressed self-ignition combustion operation, in a compressed self-ignition type gasoline engine 
according to claim 1, jump-spark-ignition combustion makes it a summary to perform jump-spark- 
ignition combustion in a stratification condition of performing fuel injection into a compression stroke 
first. 

[0021] In order that invention according to claim 3 may solve the above-mentioned technical problem, a 
combustion chamber is equipped with an injection valve in a cylinder which injects a direct fuel, and in 
case a combustion change is carried out to compressed self-ignition combustion operation from jump- 
spark-ignition combustion operation in a compressed self-ignition type gasoline engine which changes 
dynamically jump-spark-ignition combustion and compressed self-ignition combustion by service 
condition, it carries out that compressed-self-ignition combustion carries out compressed-self-ignition 
combustion in a stratification condition of performing fuel injection into a compression stroke first as a 
summary. 

[0022] In order to solve the above-mentioned technical problem, in case invention according to claim 4 
carries out a combustion change to jump-spark-ignition combustion operation from compressed self- 
ignition combustion operation, after it performs compressed self-ignition combustion in a stratification 
condition of performing fuel injection into a compression stroke at the time of compressed self-ignition 
combustion, it makes it a summary to perform jump-spark-ignition combustion in a compressed self- 
ignition type gasoline engine according to claim 3. 

[0023] A combustion chamber is equipped with a closing motion stage adjustable means to change the 
closing motion stage of an injection valve in a cylinder, and an induction-exhaust valve to inject a direct 
fuel in order that invention according to claim 5 may solve the above-mentioned technical problem. In a 
compressed self-ignition type gasoline engine which changes dynamically jump-spark-ignition 
combustion and compressed self-ignition combustion by service condition In case it changes from jump- 
spark-ignition combustion to compressed self-ignition combustion, a sealing period which both 
induction-exhaust valves closed near the compression top dead center with said closing motion stage 
adjustable means is established, and compressed self-ignition combustion makes it a summary to 
perform compressed self-ignition combustion which performs fuel injection during said sealing period 
first. 

[0024] In order to solve the above-mentioned technical problem, invention according to claim 6 makes it 
a summary to perform jump-spark-ignition combustion in a compressed self^ignition type gasoline 
engine according to claim 5, after performing compressed self-ignition combustion which performs fuel 
injection during said sealing period, in case it changes from compressed self-ignition combustion to 
jump-spark-ignition combustion. 

[0025] In a compressed self-ignition type gasoline engine which equips a combustion chamber with an 
injection valve in a cylinder which injects a direct fuel, and changes dynamically jump-spark-ignition 
combustion and compressed self-ignition combustion by service condition in order that invention 
according to claim 7 may solve the above-mentioned technical problem In case a combustion change is 
carried out to compressed self-ignition combustion operation from jump-spark-ignition combustion 
operation Let it be a summary to perform compressed self-ignition combustion in a stratification 
condition that start compressed self-ignition combustion and compressed self-ignition combustion 
performs fuel injection into a compression stroke first after performing jump-spark-ignition combustion 
in a stratification condition that jump-spark-ignition combustion performs fuel injection into a 
compression stroke. 

[0026] In order that invention according to claim 8 may solve the above-mentioned technical problem, 
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in case a combustion change is carried out to compressed-self-ignition combustion operation from 
compressed-self-ignition combustion operation, it carries out carrying out jump-spark-ignition 
combustion of a stratification condition that start jump-spark-ignition combustion and jump-spark- 
ignition combustion performs fuel injection into a compression stroke first after performing compressed- 
self-ignition combustion in a stratification condition that compressed-self-ignition combustion performs 
fuel injection into a compression stroke as a summary in a compressed-self-ignition type gasoline engine 
according to claim 7. 

[0027] A combustion chamber is equipped with a closing motion stage adjustable means to change the 
closing motion stage of an injection valve in a cylinder, and an induction-exhaust valve to inject a direct 
fuel in order that invention according to claim 9 may solve the above-mentioned technical problem. In a 
compressed self-ignition type gasoline engine which changes dynamically jump-spark-ignition 
combustion and compressed self-ignition combustion by service condition In case it changes from jump- 
spark-ignition combustion to compressed self-ignition combustion, a sealing period which both 
induction-exhaust valves closed near the compression top dead center with said closing motion stage 
adjustable means is established. After performing jump-spark-ignition combustion in a stratification 
condition of performing fuel injection into a compression stroke, compressed self-ignition combustion is 
started and compressed self-ignition combustion makes it a summary to perform compressed self- 
ignition combustion which performs fuel injection during said sealing period first. 
[0028] In order that invention according to claim 10 may solve the above-mentioned technical problem, 
let it be a summary to perform jump-spark-ignition combustion and for jump-spark-ignition combustion 
to perform jump-spark-ignition combustion in a stratification condition of performing fuel injection into 
a compression stroke first after performing compressed self-ignition combustion to which compressed 
self-ignition combustion carries out fuel injection during said sealing period, in case it changes from 
compressed self-ignition combustion to jump-spark-ignition combustion in a compressed self-ignition 
type gasoline engine according to claim 9. 

[0029] In order that invention according to claim 1 1 may solve the above-mentioned technical problem, 
in a compressed self-ignition type gasoline engine given in any 1 term of claims 1, 3, 5, 7, and 9, 
ignition timing in front of a change to compressed self-ignition combustion from said jump-spark- 
ignition combustion makes it a summary to carry out a lag to ignition timing of a steady state in the 
same engine rotational frequency and the same load conditions. 

[0030] In order to solve the above-mentioned technical problem, in a compressed self-ignition type 
gasoline engine according to claim 11, invention according to claim 12 discharges from said jump- 
spark-ignition combustion to an ignition plug to compressed self-ignition combustion after a change and 
near before [ a compression top dead center ] 30 degree, promotes compressed self-ignition, and makes 
it a summary to stop jump spark ignition after initiation of compressed self-ignition combustion. 
[0031] In order to solve the above-mentioned technical problem, invention according to claim 13 makes 
it a summary to inject the remainder of a fuel in a compression stroke or an intake stroke according to an 
engine's load in a compressed self-ignition type gasoline engine according to claim 5 or 9 while 
injecting some fuels during said sealing period at the time of a change to compressed self-ignition 
combustion from said jump-spark-ignition combustion. 

[0032] Invention according to claim 14 makes it a summary to have increased the quantity of fuel 
quantity injected during said sealing period to the time of the usual compressed self-ignition combustion 
at the time of a change to compressed self-ignition combustion from said jump-spark-ignition 
combustion in a compressed self-ignition type gasoline engine according to claim 13, in order to solve 
the above-mentioned technical problem. 

[0033] In a compressed self-ignition type gasoline engine given in any 1 term of claims 5, 9, 11, 12, 13, 
and 14 in order that invention according to claim 15 may solve the above-mentioned technical problem 
At the time of a change to compressed self-ignition combustion from said jump-spark-ignition 
combustion, a low load side considers the length of said sealing period as abbreviation regularity 
according to a load at the time of a combustion change, and let it be a summary to decrease the length of 
said sealing period according to an increment in a load from a place beyond a predetermined load. 
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[0034] Invention according to claim 16 makes it a summary to divide into at least two or more groups a 
gas column which performs a combustion change, to shift time amount among groups, and to change 
sequential combustion at the time of a change to compressed self-ignition combustion from said jump- 
spark-ignition combustion, in a compressed self-ignition type gasoline engine of claim 1 thru/or claim 
1 5 given in any 1 term, in order to solve the above-mentioned technical problem. 
[0035] 

[Effect of the Invention] According to this invention according to claim 1, in case the dynamic change to 
compressed self-ignition combustion operation from jump-spark-ignition combustion operation is 
performed, jump-spark-ignition combustion performs jump-spark-ignition combustion in the 
stratification condition of performing fuel injection into a compression stroke. By this, since cylinder 
internal pressure at the time of the change to the compressed self-ignition combustion from jump-spark- 
ignition combustion can be made high, the combustion at the time of compressed self-ignition 
combustion can be stabilized. Consequently, it can change at the time of operation, the combustion 
instability at the time can be controlled, and it is effective in the ability to prevent aggravation of 
operability. 

[0036] According to this invention according to claim 2, in case the dynamic change to jump-spark- 
ignition combustion operation from compressed self-ignition combustion operation is performed, jump- 
spark-ignition combustion performs jump-spark-ignition combustion in the stratification condition of 
performing fuel injection into a compression stroke. By this, to the case where jump-spark-ignition 
operation of homogeneity is performed, the increment in the fuel quantity at the time of jump-spark- 
ignition operation can be controlled, and generating of knocking at the time of jump-spark-ignition 
combustion can be prevented. Consequently, it can change at the time of operation, knocking at the time 
can be controlled, and it is effective in the ability to prevent aggravation of operability. 
[0037] According to this invention according to claim 3, in case the dynamic change to compressed self- 
ignition combustion operation from jump-spark-ignition combustion operation is performed, 
compressed self-ignition combustion performs compressed self-ignition combustion in the stratification 
condition of performing fuel injection into a compression stroke. By this, since the ignitionability at the 
time of compressed self-ignition combustion is improvable, the combustion at the time of compressed 
self-ignition combustion can be stabilized. Consequently, it can change at the time of operation, the 
combustion instability at the time can be controlled, and it is effective in the ability to prevent 
aggravation of operability. 

[0038] According to this invention according to claim 4, in case the dynamic change to jump-spark- 
ignition combustion operation from compressed self-ignition combustion operation is performed, 
compressed self-ignition combustion performs compressed self-ignition combustion in the stratification 
condition of performing fuel injection into a compression stroke. By this, since the ignitionability at the 
time of compressed self-ignition combustion is improvable, fuel oil consumption of the jump-spark- 
ignition combustion after a combustion change can be lessened, and knocking can be prevented. 
Consequently, it can change at the time of operation, knocking at the time can be controlled, and it is 
effective in the ability to prevent aggravation of operability. 

[0039] So that it may have the sealing period when both inhalation of air and an exhaust valve closed 
near the exhaust air top dead center at, and the combustion chamber was sealed, in case the dynamic 
change to compressed self-ignition combustion operation from jump-spark-ignition combustion 
operation is performed according to this invention according to claim 5 Since the combustion condition 
was changed from jump-spark-ignition combustion operation to compressed self-ignition combustion by 
changing the closing motion stage of an induction-exhaust valve, and injecting a fuel during said sealing 
period Even if the responsibility of a closing motion change of the induction-exhaust valve by the 
closing motion stage adjustable means is late, it is effective in the ability to change from jump-spark- 
ignition combustion to compressed self-ignition combustion certainly in 1 combustion cycle. 
[0040] According to this invention according to claim 6, when performing the dynamic change to jump- 
spark-ignition combustion operation from compressed self-ignition combustion operation, the closing 
motion stage of an induction-exhaust valve is changed, and the jump-spark-ignition combustion 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 2/26/2004 



Page 6 of 14 



condition was changed from compressed self-ignition combustion operation by injecting a fuel during 
said sealing period so that it might have the sealing period when both inhalation of air and an exhaust 
valve serve as close near an exhaust air top dead center. By this, since the load at the time of compressed 
self-ignition combustion can be fallen, fuel oil consumption of the jump-spark-ignition combustion after 
a combustion change can be lessened, and knocking can be prevented. Consequently, it can change at 
the time of operation, knocking at the time can be controlled, and it is effective in the ability to prevent 
aggravation of operability . 

[0041] According to this invention according to claim 7, in case the dynamic change to compressed self- 
ignition combustion operation from jump-spark-ignition combustion operation is performed, jump- 
spark-ignition combustion in the stratification condition of performing fuel injection into a compression 
stroke is performed at the time of jump-spark-ignition combustion, and compressed self-ignition 
combustion performs compressed self-ignition combustion in the stratification condition of performing 
fuel injection into a compression stroke. By this, since cylinder internal pressure at the time of the 
change to the compressed self-ignition combustion from jump-spark-ignition combustion can be made 
high, the combustion at the time of compressed self-ignition combustion can be stabilized. Furthermore, 
since the ignitionability at the time of compressed self-ignition combustion is improvable, the 
combustion at the time of compressed self-ignition combustion can be stabilized. Consequently, it can 
change at the time of operation, the combustion instability at the time can be controlled, and it is 
effective in the ability to prevent aggravation of operability. 

[0042] According to this invention according to claim 8, in case the dynamic change to jump-spark- 
ignition combustion operation from compressed self-ignition combustion operation is performed, 
compressed self-ignition combustion performs compressed self-ignition combustion in the stratification 
condition of performing fuel injection into a compression stroke, and jump-spark-ignition combustion in 
the stratification condition of performing fuel injection into a compression stroke is performed at the 
time of jump-spark-ignition combustion. By this, since the load at the time of compressed self-ignition 
combustion can be fallen, fuel oil consumption of the jump-spark-ignition combustion after a 
combustion change can be lessened, and knocking can be prevented. Consequently, it can change at the 
time of operation, knocking at the time can be controlled, and aggravation of operability can be 
prevented. Furthermore, to the case where jump-spark-ignition operation of homogeneity is performed, 
the increment in the fuel quantity at the time of jump-spark-ignition operation can be controlled, and 
generating of knocking at the time of jump-spark-ignition combustion can be prevented. Consequently, 
it can change at the time of operation, knocking at the time can be controlled, and it is effective in the 
ability to prevent aggravation of operability. 

[0043] While according to this invention according to claim 9 changing a closing motion stage so that it 
may have the sealing period when both an inlet valve and an exhaust valve serve as close near an 
exhaust air top dead center in case it changes from jump-spark-ignition combustion operation to 
compressed self-ignition combustion operation Since combustion was changed from jump-spark- 
ignition combustion to compressed self-ignition combustion operation by injecting a fuel during said 
sealing period after performing stratification combustion by jump spark ignition, it is effective in the 
ability to perform little smooth combustion change of torque fluctuation also in a low torque field. 
[0044] While according to this invention according to claim 10 changing a closing motion stage so that 
it may have the sealing period when both an inlet valve and an exhaust valve serve as close near an 
exhaust air top dead center in case it changes from compressed self-ignition combustion operation to 
jump-spark-ignition combustion operation, after performing compressed self-ignition combustion which 
injects a fuel during said sealing period, jump-spark-ignition combustion of a stratification condition is 
performed. Thereby, since the load at the time of compressed self-ignition combustion can be fallen, fuel 
oil consumption of the jump-spark-ignition combustion after a combustion change can be lessened, and 
knocking can be prevented. Furthermore, to the case where jump-spark-ignition operation of 
homogeneity is performed, the increment in the fuel quantity at the time of jump-spark-ignition 
operation can be controlled, and generating of knocking at the time of jump-spark-ignition combustion 
can be prevented. Consequently, it can change at the time of operation, knocking at the time can be 
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controlled, and it is effective in the ability to prevent aggravation of operability. 
[0045] According to this invention according to claim 11, since it was made to carry out the lag of the 
ignition timing in front of the change to the compressed self-ignition combustion from jump-spark- 
ignition combustion to the ignition timing of the steady state in the same engine rotational frequency and 
the same load conditions, the generating stage of heat of combustion is delayed, a burnt gas with a high 
temperature is used for internal EGR, and it is effective in the ability to make compressed self-ignition 
cause easily. 

[0046] According to this invention according to claim 12, it is effective in reforming of the fuel being 
carried out by the radical generated by discharge near before [ a compression top dead center ] 30 
degree, and being able to make compressed self-ignition cause easily from an ignition plug at the time of 
the compressed self-ignition combustion initiation after a combustion change. 

[0047] Since according to this invention according to claim 13 the remaining fuel was injected in the 
compression stroke or the intake stroke according to the load of a period at the time of the change to the 
compressed self-ignition combustion from jump-spark-ignition combustion while injecting some fuels 
during the sealing period, fuel reforming performed in a compression process can be performed without 
excess and deficiency, and there is an effect of making compressed self-ignition cause stably. 
[0048] Since it was made to increase the quantity of the fuel quantity injected during a sealing period to 
the time of the usual compressed self-ignition combustion at the time of the change to the compressed 
self-ignition combustion from jump-spark-ignition combustion according to this invention according to 
claim 14, it is effective in the ability to strengthen fuel reforming and raise further the combustion 
stability of a compressed self-ignition start point. 

[0049] According to this invention according to claim 15, at the time of the change to the compressed 
self-ignition combustion from jump-spark-ignition combustion Since it was made to decrease the length 
of a sealing period according to the increment in a load from the place which the low load side 
considered the length of a sealing period as abbreviation regularity according to the load at the time of a 
combustion change, and exceeded the predetermined load While securing the fuel reforming time 
amount at the time of a low load, it is effective in the ability to prevent that fuel reforming progresses 
too much at the time of a heavy load, and knocking occurs. 

[0050] Since according to this invention according to claim 16 the gas column which performs a 
combustion change is divided into at least two or more groups, time amount is shifted among groups and 
it was made to change sequential combustion at the time of the change to the compressed self-ignition 
combustion from jump-spark-ignition combustion, it is effective in the ability to control enough the 
engine torque fluctuation at the time of the change to the compressed self-ignition combustion from 
jump-spark-ignition combustion. 
[0051] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on 
a drawing. Drawing 1 is system configuration drawing showing the configuration [ of the compressed 
self-ignition gasoline internal combustion engine concerning this invention ] of the 1st of the gestalt of 
operation. 

[0052] In this operation gestalt, it is dynamically switchable during engine operation in compressed self- 
ignition combustion and jump-spark-ignition combustion according to a service condition. The engine 
10 in drawing is equipped with a suction port 1 1, the exhaust air port 12, the bis-ton 13, an intake valve 
14, the exhaust air bulb 15, the crank angle sensor 16, the fuel injection equipment 17, the ignition plug 
1 8, and the throttle valve 1 9. 

[0053] The electronic control (it abbreviates to ECU hereafter) 1 which controls this engine 10 The 
combustion pattern judging section 2 which judges whether it operates according to a service condition 
by either combustion system of compressed self-ignition combustion and jump-spark-ignition 
combustion, The jump-spark-ignition combustion-control section 3 which controls the combustion 
parameter at the time of jump-spark-ignition combustion operation, The self-ignition combustion- 
control section 4 which controls the combustion-control parameter at the time of compressed self- 
ignition combustion operation, It has the combustion change judging section 5 the change to compressed 
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self-ignition combustion and jump-spark-ignition combustion judges [ necessity or ] whether it is 
unnecessary to be, and the combustion change control section 6 which controls combustion fuel 
injection timing, fiiel oil consumption, and ignition timing, and realizes a smooth combustion change 
when a combustion change is required. 

[0054] In addition, the combustion pattern judging section 2 which is the component of ECU1, the 
jump-spark-ignition combustion-control section 3, the self-ignition combustion-control section 4, the 
combustion change judging section 5, and the combustion change control section 6 are realized as a 
program of a microcomputer. 

[0055] Moreover, based on the engine speed signal which the crank angle sensor 16 detected, and the 
accelerator opening signal (load) which the accelerator opening sensor (not shown) detected, ECU1 
judges a service condition and judges a combustion pattern. Moreover, according to a service condition, 
fuel oil consumption, fuel injection timing, and ignition timing are computed. And based on this 
calculation result, a signal is sent to a fuel injection equipment 17 and an ignition plug 18. 
[0056] moreover, although there are not the throttle valve 19 for air content adjustment and a drawing 
example, the inhalation-of-air system which consists of the air flow meter, the air cleaner, and piping for 
air content measurement is prepared in the upstream of a suction port 1 1 . 

[0057] With the basis of such a configuration, and this operation gestalt, compressed self-ignition 
combustion is performed in the specific service condition of low rotation as shown in drawing 2 , and 
the load in low, and jump-spark-ignition combustion is performed in a super-low load, a heavy load, or a 
high rotation region. 

[0058] Next, actuation of the 1st operation gestalt is explained. Drawing 3 shows the range where the 
self-ignition combustion to an air- fuel ratio is materialized. Fuel injection is performed from the top 
dead center at the stage which fully carried out the tooth lead angle, and gaseous mixture is in the 
premixing condition. If the air- fuel ratio is made into Lean, combustion stability will get worse and an 
engine's torque fluctuation will become large. For this reason, the air- fuel ratio AFL from which stability 
permissible as the layout value as an internal combustion engine or character of vehicles in which this 
internal combustion engine was carried serves as the stability threshold value Sth serves as the Lean 
limit. 

[0059] On the other hand, if the air- fuel ratio is made rich, knocking reinforcement will increase. 
Thereby, the air-fuel ratio AFR in the knocking limit Nth serves as a rich limit. Therefore, the air-fuel 
ratio field surrounded with the stability marginal air- fuel ratio AFL and the knocking marginal air-fuel 
ratio AFR serves as a self-ignition combustion formation range. 

[0060] Thus, self-ignition is materialized only in the limited air-fuel ratio range. In addition, air-fuel 
ratio A/F was explained to the example as an index with which the rate of gas and a fuel is expressed 
here. The same orientation is shown also about the case where residual gas or EGR gas is contained, and 
a horizontal axis serves as the total capacity and fuel rate G/F which doubled the burnt gas with new 
mind in this case. 

[0061] Although drawing 3 showed the self-ignition combustion formation range to an air- fuel ratio as a 
combustion parameter, the same orientation is shown also to temperature, an intake pressure, or charge 
pressure besides an air-fuel ratio. That is, if temperature falls, combustion stability will get worse, and if 
temperature rises, knocking reinforcement will increase. Moreover, if a pressure declines also about an 
intake pressure and charge pressure, combustion stability will get worse, and if a pressure increases, 
knocking reinforcement will increase. Therefore, in order to maintain the stable self-ignition 
combustion, it is necessary to control the temperature demanded and a pressure. 

[0062] Drawing 4 shows the conditions to which self-ignition combustion operation changes from jump- 
spark-ignition combustion operation in the 1st operation gestalt. As shown in drawing 4 , two kinds of 
changes of a combustion pattern exist. It is the case where it changes from jump-spark-ignition 
combustion to the case where it changes from compressed self-ignition combustion or compressed self- 
ignition combustion to jump-spark-ignition combustion in a heavy load region at compressed self- 
ignition combustion, from the jump- spark-ignition combustion from compressed self-ignition 
combustion, or jiimp-spark-ignition combustion in a low load region. 
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[0063] This invention is the thing of an about when a combustion gestalt changes in a low load region. 
The throttle opening to a load and cylinder internal pressure are shown in drawing 5 . Jump-spark- 
ignition combustion is SUTOIKI combustion of homogeneity. When a combustion gestalt changes from 
jump-spark-ignition combustion to compressed self-ignition combustion in a low load region, throttle 
opening differs greatly. For this reason, cylinder internal pressure will differ greatly. For this reason, 
when a combustion gestalt changes to compressed self-ignition combustion, cylinder internal pressure 
may be insufficient, and combustion may become unstable as mentioned above. 
[0064] The throttle opening to a load and cylinder internal pressure at the time of considering jump- 
spark-ignition combustion as stratification combustion in a low load region are shown in drawing 6 . 
Since Lean can do an air-fuel ratio, with an air content enlarged in performing stratification combustion, 
throttle opening can be enlarged. Therefore, cylinder internal pressure can also be kept high compared 
with homogeneity SUTOIKI combustion. For this reason, since it is made to desired value in time 
amount with short cylinder internal pressure when changing a combustion condition, it can prevent that 
combustion becomes unstable. 

[0065] The throttle opening to a load and cylinder internal pressure at the time of performing 
stratification combustion to drawing 7 at the time of compressed self-ignition combustion are shown. 
When stratification combustion is performed at the time of compressed self-ignition combustion,-izing 
of the load whose compressed self-ignition combustion is attained can be carried out [ a low load ]. For 
this reason, the load which performs a combustion change will also be formed into a low load. Since the 
burning fuel quantity decreases when the low load of the load which performs a combustion change is 
carried out, jump-spark-ignition combustion and compressed self-ignition combustion lifting-come to be 
hard of knocking. That is, there is little fuel quantity which bums since the load is low, and its calorific 
value at the time of combustion decreases. Therefore, when combustion parameters, such as cylinder 
internal pressure and temperature, shift from desired value at the time of a combustion change, it is hard 
to cause knocking. 

[0066] The combustion gestalt when changing a combustion condition to drawing 8 is shown. When the 
engine is operating steadily, jump-spark-ignition combustion of SUTOIKI homogeneity is performed at 
the time of a super-low load. Compressed self-ignition combustion of homogeneity is performed at the 
time of an inside load. Sequentially from a low load, jump-spark-ignition combustion of SUTOIKI 
homogeneity is performed in the transient from which a load changes, then, jump-spark-ignition 
combustion of stratification is performed to it, then, compressed self-ignition combustion of 
stratification is performed to it, and, finally compressed self-ignition combustion of homogeneity is 
performed to it. 

[0067] The change control flow explained above is explained with reference to a flow chart. The Maine 
flow chart which controls a combustion pattern to drawing 9 is shown. Engine-speed N and Load T are 
detected at step 1 1 (henceforth, SI 1). Subsequently, the combustion pattern according to a service 
condition is judged from the map of drawing 3 by SI 2. When judged as jump-spark-ignition 
combustion, a jump-spark-ignition combustion control is started by S13. When judged as self-ignition 
combustion, a self-ignition combustion control is started by S14. When judged as a combustion change, 
combustion change control is started by SI 5. 

[0068] The control flow chart in the case of changing combustion from jump-spark-ignition combustion 
to drawing 10 at compressed self-ignition combustion is shown. First, throttle opening is changed by 

521. Subsequently, throttle opening judges whether it is set as the desired value shown in drawing 6 by 

522. When the setup of throttle opening is not completed, in order to continue homogeneity combustion 
of SUTOIKI, intake-stroke injection is continued by S23. When it is judged that a setup of throttle 
opening was completed by S22, compression stroke injection is performed by S24, and jump-spark- 
ignition combustion of a stratification condition is performed. 

[0069] Subsequently, throttle opening is again changed by S25. Throttle opening judges whether it is set 
as the desired value shown in drawing 6 by S26. When the setup of throttle opening is not completed, in 
order to continue jump-spark-ignition combustion, jump spark ignition is performed by S27. When it is 
judged that a setup of throttle opening was completed by S26, jump spark ignition is turned off by S28, 
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and compressed self-ignition combustion is started. The homogeneity calorific-capacity-of-combustion- 
chamber field which an engine's load shows to the graph of drawing 8 by S29 judges in how. In not 
being a homogeneity combustion zone, compression stroke injection is performed by S30, and it 
performs, compressed self-ignition combustion of a stratification condition. When judged as a 
homogeneity calorific-capacity-of-combustion-chamber field by S29, intake- stroke injection is 
performed by S31, and compressed self-ignition combustion of a homogeneity condition is started. 
[0070] The control flow chart in the case of changing combustion from compressed self-ignition 
combustion to drawing 1 1 at jump-spark-ignition combustion is shown. When judged as a combustion 
change with the flow chart of drawing 9 , compression stroke injection is first performed by S41, and 
compressed self-ignition combustion of a stratification condition is started. It judges whether it is set as 
the desired value which changes throttle opening by S42 and throttle opening shows to drawing 6 by 
S43. When the setup of throttle opening is not completed, compressed self-ignition combustion is 
continued using jump spark ignition as off by S44. When it is judged that a setup of throttle opening was 
completed by S43, jump-spark-ignition combustion is started by setting jump spark ignition to ON by 
S45. 

[0071] Subsequently, throttle opening is again changed by S46. It judges whether it is set as the desired 
value shown in drawing 6 by S47. When not set as desired value, compression stroke injection is 
performed by S48, and stratification condition jump-spark-ignition combustion is continued. When it is 
judged that a setup of throttle opening is completed by S47, intake-stroke injection is performed by S49, 
and jump-spark-ignition combustion of a homogeneity condition is started. 

[0072] Next, the gestalt of the 2nd operation is explained. Drawing 12 is system configuration drawing 
showing the configuration [ of the compressed self-ignition type gasoline engine concerning this 
invention ] of the 2nd of the gestalt of operation. The gestalt of the 2nd operation has the composition of 
having added the adjustable valve timing device 20 in which the closing motion stage of an induction- 
exhaust valve was changed, to the gestalt of the 1st operation. As an adjustable valve timing device, 
technology given in JP,10-266878,A can be used, for example. 

[0073] The closing motion timing of the induction-exhaust valve of this operation gestalt is shown in 
drawing 13 . At the time of jump-spark-ignition operation, the clausilium stage (EVC) of an exhaust air 
bulb (EXH) and the valve-opening stage (IVO) of an intake valve (INT) serve as near a piston top dead 
center (TDC) like the usual four-cycle gasoline engine, and it is set as necessary bulb overlap (O/L). 
[0074] At the time of compressed self-ignition operation in a specific operating range at the time of 
changing a combustion condition While an exhaust air bulb close stage (EVO) carries out a tooth lead 
angle and closes the valve to jump-spark-ignition operation in the middle of an intake stroke It is 
controlled so that an intake valve open stage (IVO) carries out a lag and opens in the middle of an intake 
stroke, and the bulb overlap in near a piston top dead center does not exist at all, but is set as the minus 
overlap (-O/L) condition which is the sealing period which sealed the combustion chamber. 
[0075] Thus, by considering as the valve timing which constitutes minus overlap at the time of 
compressed self-ignition operation, an exhaust air bulb makes the hot burnt gas which is opened in 
exhaust stroke halfway and is equivalent to the volume of combustion chamber in the time pile up in a 
combustion chamber, and considers as the internal EGR gas to degree cycle. In degree cycle, an intake 
valve opens in the middle of an intake stroke, and new mind is inhaled. In response to the quantity of 
heat from internal EGR gas, the temperature in a cylinder will carry out the temperature up of the new 
mind here. 

[0076] If fuel injection is performed into -O/L here, reforming of the fuel will be carried out in response 
to the quantity of heat from the hot gas shut up in the cylinder. Consequently, the ignitionability of a fuel 
is improved and compressed self-ignition combustion on low load conditions is attained more. 
[0077] The throttle opening to a load and cylinder internal pressure at the time of performing 
compressed self-ignition combustion by -O/L injection to drawing 14 at the time of a low load are 
shown. Compared with drawing 7 , the compressed self-ignition combustion in low load conditions is 
more possible. For this reason, the load which performs a combustion change will also be formed into a 
low load. Since the burning fuel quantity decreases when the low load of the load which performs a 
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combustion change is carried out, jump-spark-ignition combustion and compressed self-ignition 
combustion lifting-come to be hard of knocking. That is, there is little fuel quantity which bums since 
the load is low, and its calorific value at the time of combustion decreases. Therefore, when combustion 
parameters, such as cylinder internal pressure and temperature, shift from desired value at the time of a 
combustion change, it is hard to cause knocking. 

[0078] The combustion gestalt when changing a combustion condition to drawing 1 5 is shown. When 
the engine is operating steadily, jump-spark-ignition combustion of SUTOIKI homogeneity is 
performed at the time of a super-low load. Compressed self-ignition combustion of homogeneity is 
performed at the time of an inside load. Sequentially from a low load, jump-spark-ignition combustion 
of SUTOIKI homogeneity is performed in the transient which carries out a change of load, then, jump- 
spark-ignition combustion of stratification is performed to it, then, compressed self-ignition combustion 
of injection among -O/L is performed to it, and, finally compressed self-ignition combustion of 
homogeneity is performed to it. 

[0079] The flow chart which controls a combustion pattern is the same as the 1st operation gestalt 
( drawing 9 ). 

[0080] The control flow chart in the case of changing combustion from jump-spark-ignition combustion 
to drawing 16 at compressed self-ignition combustion is shown. Only a different place from the 1-st 
operation gestalt ( drawing 10 ) is explained. Throttle opening and valve timing are changed by S55. - 
O/L injection is started by S56. It judges whether throttle opening and valve timing were set as desired 
value ( drawing 13 , 14) by S57. When the setup is not completed, jump-spark-ignition combustion is 
continued by setting jump spark ignition to ON by S58. When it is judged that a setup was completed by 
S57, jump spark ignition is turned off by S59, and compressed self-ignition combustion is started. 
[0081] Subsequently, it judges whether it is a homogeneity calorific-capacity-of-combustion-chamber 
field based on drawing 1 5 by S60. In not being a homogeneity calorific-capacity-of-combustion- 
chamber field, it continues -O/L injection by S61. When judged as a homogeneity combustion zone, 
intake-stroke injection is started by S62, and compressed self-ignition combustion of a homogeneity 
condition is performed. 

[0082] The control flow chart in the case of changing combustion from compressed self-ignition 
combustion to drawing 17 at jump-spark-ignition combustion is shown. Only a different place from the 
1st operation gestalt ( drawing 1 1 ) is explained. Throttle opening and valve timing are changed by S73. 
-O/L injection is started by S72. It judges whether a setup of throttle opening and valve timing was 
completed by S73; 

[0083] When it is judged that the setup is not completed, while it has been off, compressed self-ignition 
combustion is continued [ ****** ] for jump spark ignition by S74. When it is judged that a setup was 
completed by S73, jump spark ignition is started [ S75 ] by S76 by considering injection timing as 
compression stroke injection, and jump-spark-ignition combustion of a stratification condition is started. 

[0084] Next, the 3rd operation gestalt of this invention is explained to details with reference to drawing 
18 thru/or drawing 22 . Drawing 1 8 is system configuration drawing showing the configuration of the 
3rd operation gestalt of the compressed self-ignition type gasoline engine concerning this invention. 
Also in this operation gestalt, it is dynamically switchable during engine operation in compressed self- 
ignition combustion and jump-spark-ignition combustion according to a service condition. 
[0085] The engine 10 in drawing is equipped with the fuel injection equipment 17 and ignition plug 18 
which inject a direct fuel in a suction port 11, the exhaust air port 12, the bis-ton 13, the intake valve 14, 
the exhaust air bulb 15, the crank angle sensor 16, and the cylinder. 

[0086] The electronic control (it abbreviates to ECU hereafter) 1 which controls this engine 10 The 
combustion pattern judging section 2 which judges whether it operates according to a service condition 
by either combustion system of compressed self-ignition combustion and jump-spark-ignition 
combustion, The jump-spark-ignition combustion-control section 3 which controls the combustion 
parameter at the time of jump-spark-ignition combustion operation, The self-ignition combustion- 
control section 4 which controls the combustion-control parameter at the time of compressed self- 
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ignition combustion operation, It has. the combustion change judging section 5 the change to compressed 
self-ignition combustion and jump-spark-ignition combustion judges [ necessity or ] whether it is 
unnecessary to be, and the combustion change control section 6 which controls combustion fuel 
injection timing, fiiel oil consumption, and ignition timing, and realizes a smooth combustion change 
when a combustion change is required. 

[0087] In addition, the combustion pattern judging section 2 which is the component of ECU1, the 
jump-spark-ignition combustion-control section 3, the self-ignition combustion-control section 4, the 
combustion change judging section 5, and the combustion change control section 6 are realized as a 
program of a microcomputer. 

[0088] Moreover, based on the engine speed signal which the crank angle sensor 16 detected, and the 
accelerator opening signal (load) which the accelerator opening sensor (not shown) detected, ECU1 
judges a service condition and judges a combustion pattern. Moreover, according to a service condition, 
fuel oil consumption, fuel injection timing, and ignition timing are computed. And based on this 
calculation result, a signal is sent to a fuel injection equipment 17 and an ignition plug 18. 
[0089] Moreover, although not illustrated, the inhalation-of-air system which consists of the throttle 
valve for air content adjustment, the air flow meter for air content measurement, an air cleaner, and 
piping is prepared in the upstream of a suction port 11. 

[0090] By ECU1, an inlet valve 14 and an exhaust valve 15 are considering a closing motion stage as a 
controllable configuration through the adjustable valve timing device 20 which is a closing motion stage 
adjustable means, control modification of a substantial compression ratio, the amount of EGR(s), etc. by 
an engine's load region in low, and are considering them as the configuration which can realize the 
elevated temperature in which self-ignition is possible, and a high-pressure condition near a compression 
top dead center, respectively. 

[0091] Next, control of the closing motion timing of the ** and the exhaust valve in this operation 
gestalt is shown in drawing 19 . In the time of the usual jump-spark-ignition combustion, in near an 
exhaust air top dead center (TDC), it is made whenever [ crank angle ], and has from abundance the 
period of about about ten degrees, and the valve-opening polymerization period (overlap period) which 
both ** and an exhaust valve are opening. On the other hand, while reducing the exhaust air actuation 
angle at the time of compressed self-ignition combustion, the exhaust air valve-closing time term 
(henceforth EVC) was made into exhaust air TDC before, and the sealing period when both ** and an 
exhaust valve serve as close is established by controlling an inlet-valve open stage (henceforth IVO) 
after exhaust air TDC, while reducing an inhalation-of-air actuation angle. 

[0092] As a device which makes adjustable the operating state of such a ** and an exhaust valve, there 
is an adjustable valve train system as shown, for example in JP,55-137305,A and JP,9-203307,A. 
[0093] At the time of compressed self-ignition combustion, it makes it possible to make compressed 
self-ignition combustion with a gasoline engine generate, without heating inhalation of air and 
performing too much increment in a compression ratio by having established said sealing period, since 
elevated temperature exhaust gas can be shut up. Moreover, in this invention, the valve timing at the 
time of the above-mentioned compressed self-ignition combustion is used also for the jump-spark- 
ignition combustion in front of the change to the compressed self-ignition combustion from jump-spark- 
ignition combustion. 

[0094] Next, drawing 20 explains the combustion stability over the air- fuel ratio (A/F) of compressed 
self-ignition combustion and jump-spark-ignition combustion in the throttle opening fixed conditions at 
the time of establishing the sealing period when both said ** and exhaust valve serve as close. 
[0095] In compressed self-ignition combustion, a combustion stable zone is expandable to the Lean side 
(namely, low load side) of A/F by injecting some fuels [ at least ] at said sealing period. Since the fuel 
injected during the sealing period is compressed with self-EGR gas, this is because it changes reforming 
into the condition of it being exposed to an elevated temperature and a high-pressure field, reacting with 
the oxygen which exists in Self EGR, and being easy to carry out compressed self-ignition of the fuel. 
[0096] Furthermore, since A/F is partially made as for a rich field to a combustion chamber in the thing 
which stratification-ize gaseous mixture and to perform by injecting some fuels [ at least ] to a 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran__web_cgi_ejje 2/26/2004 



Page 13 of 14 



compression stroke at the time of compressed self-ignition combustion, the compressed self-ignition of 
A/F as the whole combustion chamber becomes possible also in the Lean condition. 
[0097] the stratification in the same sealing period as said compressed self-ignition combustion, and the 
same throttle opening ~ the dashed line of drawing 20 shows the jump-spark-ignition combustion stable 
zone in gaseous mixture, the stratification which compressed self-ignition combustion does not generate 
— gaseous mixture — even if it is a field, the field of A/F whose flame propagation combustion is 
attained by forming a flame nucleus by jump spark ignition exists. 

[0098] Therefore, at said A/F region, shift becomes possible from jump-spark-ignition combustion to 
compressed self-ignition combustion by changing the injection timing of a fuel, though it is the same 
throttle opening, and the same ** and an exhaust valve closing motion stage as shown in the arrow head 
in drawing. 

[0099] Next, the continuous line of drawing 21 explains the combustion change procedure which is to 
the base in this invention. The change to the compressed self-ignition combustion from jump-spark- 
ignition combustion is divided into two steps, and is carried out. 

[0100] stratification Lean who made fuel-injection timing the compression stroke by injecting a fuel in 
an intake stroke in the 1st step from the jump-spark-ignition combustion in the homogeneity premixed 
air in a chemically correct mixture ratio while making throttle opening into size - it shifts to the jump- 
spark-ignition combustion by gaseous mixture. 

[0101] After shifting to stratification Lean combustion, it changes so that said sealing period of which 
the closing motion stage of** and an exhaust valve is required by compressed self-ignition combustion 
may come. In order to compensate new **** to which a throttle decreases by the increment in the 
amount of self-EGR(s) at this time, it responds to said sealing period being extended, and opens to near 
the full open. It will be in the condition of - mark in drawing 20 in this condition. 
[0102] In the 2nd step, it is the shift to the compressed self-ignition combustion from jump-spark- 
ignition combustion, and shift of combustion is carried out by changing the injection timing in the 
compression stroke in jump-spark-ignition combustion into the injection during said sealing period. 
Thereby, a combustion condition shifts to O mark from - mark of drawing 20 . The load effect at the 
time of a combustion change is absorbed by decreasing fuel oil consumption to coincidence. This is 
because there is the improvement effect of thermal efficiency since the combustion period is short 
compared with jump-spark-ignition combustion in compressed self-ignition combustion. Moreover, the 
discharge in an ignition plug may be stopped with the shift to compressed self-ignition combustion at 
this time. 

[0103] Next, about a procedure in case the loads at the time of a combustion change differ to said 
primitive state, to said primitive state, the dashed line of drawing 21 explains the case of a low load, and 
the alternate long and short dash line of drawing 21 explains the case of a heavy load. 
[0104] When a change load is low, in order to secure the combustion stability in jump-spark-ignition 
combustion, it becomes impossible to open throttle opening to the desired value in compressed self- 
ignition combustion. Although fuel-injection timing is carried out by changing into said sealing period 
like said primitive state in the shift to the compressed self-ignition combustion from jump-spark-ignition 
combustion at the time of a low load, in order to follow valve-opening actuation of a throttle on 
coincidence, compressed self-ignition combustion until an intake pressure goes up becomes unstable. 
[0105] For the improvement in stability of compressed self-ignition combustion at this time, in addition 
to said sealing period injection which is the 1st fuel injection timing about the count of fuel injection, the 
compression stroke injection which is the 2nd fuel injection timing is added, and it may be 2 times. And 
stability is raised by fuel reforming by sealing period injection, and stratification- ization by compression 
stroke injection. 

[0106] the shift to ** mark from - mark [ in / in the change of this injection timing / drawing 20 ] - it 
can catch — the addition of said compression stroke injection — gaseous mixture rich to a combustion 
chamber - since a field is formed, it uses becoming easy to generate compressed self-ignition 
combustion. 

[0107] By making it increase to the total injection quantity in the time of throttle valve-opening 
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actuation being completed, the total injection quantity of the fuel immediately after a combustion change 
can acquire improvement in combustion stability, and the reduction effect of the torque fluctuation at the 
time of a combustion change. 

[0108] Moreover, in the jump-spark-ignition combustion in front of the combustion change to the 
compressed self-ignition combustion from jump-spark-ignition combustion, by carrying out the lag of 
the discharge timing in an ignition plug, since it becomes possible to make HC in the middle of 
oxidation reaction remain mostly in self-EGR gas while raising the temperature of self-EGR gas, the 
compressed self-ignition combustion immediately after a combustion change can be generated certainly. 

[0109] Furthermore, since the reforming effect of a fuel increases by discharging from an ignition plug 
near before [ TDC ] 30 degree at the time of compressed self-ignition combustion, the improvement in 
stability of compressed self-ignition combustion at the time of a combustion change can be obtained. 
[0110] If whole-quantity injection of the fuel is carried out at said sealing period at the time of a heavy 
load, the calorific value in exhaust air TDC becomes excessive, and with aggravation of fuel 
consumption, the detonation of compressed self-ignition combustion will occur and it will be knocking. 
Therefore, in a heavy load side, while decreasing the fuel oil consumption of said sealing period to a 
primitive state, it prevents that make injection of a fuel into 2 times in said sealing period and an intake 
stroke, and reforming of the fuel is carried out too much. 

[01 1 1] A difference of the fuel injection timing in the combustion change procedure to three kinds of 
loads at the time of a heavy load and the sealing stage of said ** and exhaust valve is shown in drawing 
22 at the time of the primitive state described above and a low load. However, the suitable load range of 
a change does not necessarily need to perform three kinds of changes in the same engine in order to 
receive the effect of**, such as an engine's base compression ratio, an inhalation air content, etc. 
[0112] Moreover, since the combustion change to the compressed self-ignition combustion from the 
jump-spark-ignition combustion by this invention is carried out by modification of the injection timing 
of the fuel injection valve for every gas column, it is easy to change a combustion change stage for every 
gas column. Therefore, it is possible to reduce the engine torque fluctuation at the time of the 
combustion change to the compressed self-ignition combustion from jump-spark-ignition combustion by 
changing injection timing one by one for every gas column and every gas column group. 
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CLAIMS 



[Claim(s)] 

[Claim 1] He is the compressed-self-ignition type gasoline engine which does starting compressed-self- 
ignition combustion as the feature after performing jump-spark-ignition combustion in a stratification 
condition that jump-spark-ignition combustion performs fuel injection into a compression stroke, in a 
compressed-self-ignition type gasoline engine which equips a combustion chamber with an injection 
valve in a cylinder which injects a direct fuel, and changes dynamically jump-spark-ignition combustion 
and compressed-self-ignition combustion by service condition, in case a combustion change is carried 
out to compressed-self-ignition combustion operation from jump-spark-ignition combustion operation. 
[Claim 2] He is the compressed self-ignition type gasoline engine according to claim 1 characterized by 
performing jump-spark-ignition combustion in a stratification condition that jump-spark-ignition 
combustion performs fuel injection into a compression stroke first in case a combustion change is 
carried out to jump-spark-ignition combustion operation from compressed self-ignition combustion 
operation. 

[Claim 3] He is the compressed self-ignition type gasoline engine characterized by performing 
compressed self-ignition combustion in a stratification condition that compressed self-ignition 
combustion performs fuel injection into a compression stroke first in case a combustion change is 
carried out to compressed self-ignition combustion operation from jump-spark-ignition combustion 
operation in a compressed self-ignition type gasoline engine which equips a combustion chamber with 
an injection valve in a cylinder which injects a direct fuel, and changes dynamically jump-spark-ignition 
combustion and compressed self-ignition combustion by service condition. 
[Claim 4] A compressed self-ignition type gasoline engine according to claim 3 characterized by 
performing jump-spark-ignition combustion after performing compressed self-ignition combustion in a 
stratification condition of performing fuel injection into a compression stroke at the time of compressed 
self-ignition combustion, in case a combustion change is carried out to jump-spark-ignition combustion 
operation from compressed self-ignition combustion operation. 

[Claim 5] In a compressed self-ignition type gasoline engine which equips a combustion chamber with a 
closing motion stage adjustable means to change the closing motion stage of an injection valve in a 
cylinder, and an induction-exhaust valve to inject a direct fuel, and changes dynamically jump-spark- 
ignition combustion and compressed self-ignition combustion by service condition In case it changes 
from jump-spark-ignition combustion to compressed self-ignition combustion, a sealing period which 
both induction-exhaust valves closed near the compression top dead center with said closing motion 
stage adjustable means is established. Compressed self-ignition combustion is a compressed self- 
ignition type gasoline engine first characterized by performing compressed self-ignition combustion 
which performs fuel injection during said sealing period. 

[Claim 6] A compressed self-ignition type gasoline engine according to claim 5 characterized by 
performing jump-spark-ignition combustion after performing compressed self-ignition combustion 
which performs fuel injection during said sealing period, in case it changes from compressed self- 
ignition combustion to jump-spark-ignition combustion. 
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[Claim 7] In a compressed self-ignition type gasoline engine which equips a combustion chamber with 
an injection valve in a cylinder which injects a direct fuel, and changes dynamically jump-spark-ignition 
combustion and compressed self-ignition combustion by service condition In case a combustion change 
is carried out to compressed self-ignition combustion operation from jump-spark-ignition combustion 
operation He is the compressed self-ignition type gasoline engine which starts compressed self-ignition 
combustion and is characterized by compressed self-ignition combustion performing compressed self- 
ignition combustion in a stratification condition of performing fuel injection into a compression stroke 
first after performing jump-spark-ignition combustion in a stratification condition that jump-spark- 
ignition combustion performs fuel injection into a compression stroke. 

[Claim 8] He is the compressed self-ignition type gasoline engine according to claim 7 which does as 
the feature that start jump-spark-ignition combustion and jump-spark-ignitibn combustion performs 
jump-spark-ignition combustion in a stratification condition of performing fuel injection into a 
compression stroke first after performing compressed self-ignition combustion in a stratification 
condition that compressed self-ignition combustion performs fuel injection into a compression stroke, in 
case a combustion change is carried out to compressed self-ignition combustion operation from 
compressed self-ignition combustion operation. 

[Claim 9] In a compressed self-ignition type gasoline engine which equips a combustion chamber with a 
closing motion stage adjustable means to change the closing motion stage of an injection valve in a 
cylinder, and an induction-exhaust valve to inject a direct fuel, and changes dynamically jump- spark- 
ignition combustion and compressed self-ignition combustion by service condition In case it changes 
from jump-spark-ignition combustion to compressed self-ignition combustion, a sealing period which 
both induction-exhaust valves closed near the compression top dead center with said closing motion 
stage adjustable means is established. He is the compressed self-ignition type gasoline engine which 
starts compressed self-ignition combustion and is characterized by compressed self-ignition combustion 
performing compressed self-ignition combustion which performs fuel injection during said sealing 
period first after performing jump-spark-ignition combustion in a stratification condition of performing 
fuel injection into a compression stroke. 

[Claim 10] He is the compressed self-ignition type gasoline engine according to claim 9 characterized 
by performing jump-spark-ignition combustion and jump-spark-ignition combustion performing jump- 
spark-ignition combustion in a stratification condition of performing fuel injection into a compression 
stroke first after performing compressed self-ignition combustion to which compressed self-ignition 
combustion carries out fuel injection during said sealing period, in case it changes from compressed self- 
ignition combustion to jump-spark-ignition combustion. 

[Claim 1 1] Ignition timing in front of a change to compressed self-ignition combustion from said jump- 
spark-ignition combustion is a compressed self-ignition type gasoline engine given in any 1 term of 
claims 1, 3, 5, 7, and 9 characterized by carrying out a lag to ignition timing of a steady state in the same 
engine rotational frequency and the same load conditions. 

[Claim 12] A compressed self-ignition type gasoline engine according to claim 1 1 characterized by 
discharging from said jump-spark-ignition combustion to an ignition plug to compressed self-ignition 
combustion after a change and near before [ a compression top dead center ] 30 degree, promoting 
compressed self-ignition, and stopping jump spark ignition after initiation of compressed self-ignition 
combustion. 

[Claim 13] A compressed self-ignition type gasoline engine according to claim 5 or 9 characterized by 
injecting the remainder of a fuel in a compression stroke or an intake stroke according to an engine's 
load at the time of a change to compressed self-ignition combustion from said jump-spark-ignition 
combustion while injecting some fuels during said sealing period. 

[Claim 14] A compressed self-ignition type gasoline engine according to claim 13 characterized by 
increasing the quantity of fuel quantity injected during said sealing period to the time of the usual 
compressed self-ignition combustion at the time of a change to compressed self-ignition combustion 
from said jump-spark-ignition combustion. 

[Claim 15] He is a compressed self-ignition type gasoline engine given in any 1 term of claims 5, 9, 11, 
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12, 13, and 14 which a low load side considers the length of said sealing period as abbreviation 
regularity according to a load at the time of a combustion change at the time of a change to compressed 
self-ignition combustion from said jump-spark-ignition combustion, and are characterized by decreasing 
the length of said sealing period according to an increment in a load from a place beyond a 
predetermined load. 

[Claim 16] A compressed self-ignition type gasoline engine of claim 1 characterized by dividing into at 
least two or more groups a gas column which performs a combustion change, shifting time amount 
among groups, and changing sequential combustion at the time of a change to compressed self-ignition 
combustion from said jump-spark-ignition combustion thru/or claim 15 given in any 1 term. 



[Translation done.] 
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